Objective: A pilot study was conducted to determine whether untrained examiners could agree on palpatory findings in the cervical spine. Design: Fifty-three university students, (most of whom were chiropractic students), had their cervical spines examined by seven different chiropractors using their own clinical methods, of which motion palpation was a common, but not standard component. Setting: Chiropractic Centre in Macquarie University. Participants: Volunteer university students. Main Outcome Measures: Individual clinical methods, which included static and/or motion palpation, vertebral springing, range of motion and applied kinesiology. Results: Statistically, for the total group, there was poor interexaminer reliability. Of eight examiners, four did not disagree significantly, the next two examiners disagreed with each other but only at a single level and the remaining two examiners disagreed with most of the other examiners and each other. Conclusion: In the cervical spine, it appears that C6 is the level of highest contention, followed by C1 and C5. Essentially the results suggest that combinations of examiners show reasonable consistency at identifying the same entity while using their own typical examination techniques. The nature of these palpable findings, leading to a diagnosis of subluxation or vertebral dysfunction is ill defined. Several issues were considered as important: expectations of e xaminers, research design, subject compliance, role of asymptomatic subjects and what the examiners were actually detecting.
INTRODUCTION
Back pain has been described a s the "nemesis of medicine and the albatross of industry" ( 1) . Increasingly, manual therapy is claiming to have substantial effects in the treatment of certain spinal conditions ( 2) . To date, there is no substantiated method existing that determines whether a patient has a problem amenable to manual therapy (3). Confusion also exists over the effects of physical stress on the spine in causing biomechanical vertebral dysfunction (4) .
One of the more common musculoskeletal complaints is neck pain, with a point prevalence of 9-14% in adults and a lifetime prevalence of approximately 33% (5) (6) (7) . Age is strongly correlated with its occurrence in an ascending fashion, with the 50-59 year old age range having the highest incidence (6) . It has been suggested that symptoms related to, or referred by the cervical spine are caused by injuries to the cervical spine in more than 90% of patients suffering neck pain (8) . Chronic neck pain is commonly caused by whiplash injuries, in particular those resulting from motor vehicle accidents. Statistics say that 45% to 85% of patients who have suffered whiplash injuries, complain of symptoms five years after (9, 10) . This high rate of persisting neck pain has a direct impact upon health care costs and permanent disability (11) .
Manual therapists, including chiropractors, claim that multiple treatments are required for patients with work or accident involved injuries. However, it remains to be shown when a manipulative approach is indicated and what tests or procedures best determine the need for intervention and at which stage treatment should be concluded (12, 13) .
Mobility testing is important in the diagnosis of back and neck pain, particularly in light of studies showing that fixation in a joint for two months or longer can lead to irreversible degenerative change (14) . Motion palpation tests the "give" of musculoskeletal structures under dynamic demands (15) . Dishman has suggested that without regular assessment of the biomechanical integrity of spinal motion there is an increased risk of spinal dysfunction development due to movement aberrations ( 16) . The greatest agreement between examiners has been observed in musculoskeletal based diagnosis (17) . However, there is no accepted method of measuring vertebral motion changes that has shown to be a statistically reliable. This is also true with methods of measuring vertebral motion changes utilised by chiropractors, where a motion test is often used as a diagnostic pre-requisite to mechanical intervention.
THE CHIROPRACTIC SUBLUXATION
Historically, manipulation has been applied to manage spinal and extremity joint lesions that produce pain (18) . Early authors in the area of manipulation (19) (20) (21) believed that the cause of pain in the areas of abnormal movement of the spine was due to subluxation -a minor partial or incomplete dislocation of the vertebra. This has resulted in the term manipulable lesion, which describes a clinically significant disturbance of joint movement or position that responds to manipulation (22) . This is synonymous with the entity chiropractors call the Vertebral Subluxation Complex (VSC).
The VSC is surrounded by varied opinion on its definition, however, there is one characteristic upon which there is consensus: Vertebral subluxation is dynamic and involves a restriction in normal movement of one joint interface relative to its neighbour, in one or more vectors of which it ought normally to be able (22) . For the purposes of this study, the term subluxation (VSC) is defined as articular aberration producing alterations in vertebral motion. The term "chiropractic lesion" or "vertebral dysfunction" will be considered synonymous with subluxation (VSC).
RELIABILITY OF SPINAL MOTION EXAMINATION
Mensor and Duval ( 23) were probably two of the earliest researchers to examine the reliability of motion examination of the spine. They studied 527 patients with low back pain and a control group of 94 healthy individuals and found significant hypomobility of L4-5, demonstrated by stress radiographs, present in 43% of low back pain patients and in only 15% of normal individuals. Gonella, Paris, and Kutner (24) examined segmental flexion, lateral bending and rotation of the lumbar spine in five asymptomatic female subjects in a sidelying position. Five similarly trained physical therapists with 3 -20 years experience participated. Results showed a reasonably good intraexaminer reliability (although this was not quantified), and a poor interexaminer reliability. They found that greater examiner experience resulted in an even worse interexaminer reliability (again no substantiation of this statement).
In contrast with these low findings, Bergstrom and Cortis (25) found high correlation for interexaminer reliability (81.8%) for lumbar motion palpation in the seated position. Jull and Bullock (26) also show a good to high degree of interexaminer reliability for flexion, extension, rotation and lateral flexion when evaluated side-lying, based on Pearson's correlation coefficient, (r=0.82-0.94).
The purpose of the present study was to attempt to determine whether a large group of clinicians could replicate each others findings by agreeing on the presence or absence of vertebral dysfunction in the same sample population while using their own standard clinical techniques and procedures, ie. simulating normal everyday practice.
METHOD
The study involved a group of a 53 university students, all of whom were volunteers and most of whom were asymptomatic for neck pain. Most of the participants were chiropractic students at the Macquarie University's Centre for Chiropractic. Each individual underwent chiropractic examination of the cervical spine for vertebral dysfunction. Chiropractic examination involved whatever methods the examiners used in their normal everyday practice. Individual clinical methods included static and/or motion palpation, vertebral springing, range of motion and applied kinesiology.
No individual had radiographs taken as part of the examination, nor were they available for comparison, even though some of the examiners normally utilise radiographs as part of their normal everyday practice.
All together there were eight examiners involved. Each examiner had an independent recorder who remained with them.
The examiners clinical experience ranged from two to fourteen years (average was 8.25 years). All were graduates from either Sydney College of Chiropractic (which amalgamated with Macquarie University in 1990) or Macquarie University. 
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At the commencement of the study all participants were informed about the testing procedures and asked to complete a questionnaire designed for the study. This screened for exclusion criteria, which included recent neck surgery, possible pathologies and congenital deformity in the neck region. It also included a brief history on each subject indicating current or previous neck pain and associated headaches, the location of such neck pain, severity of it (by visual analogue scale), whether injury was involved and if so, what kind of injury.
The subjects then underwent analysis, were each subject was required to be seen by seven of the eight examiners (giving a total of seven inspections for each). These investigations were carried out consecutively. Subjects presented themselves to the examiners randomly to prevent an order effect. Findings of the examiners were focussed to the segmental levels where they felt a spinal lesion (VSC) was evident.
STATISTICAL ANALYSIS
The data set collected for the examiners was analysed for two responses -a response of restricted motion or freedom of motion. Logistic regression and sequential analysis of variance using the chi-squared statistic were employed. The results were modelled, using a generalised linear model with a Bernoulli error structure and Logit link function, to find out whether there were any interaction effects between these factors. Any of these factors which proved significant in influencing the diagnosis was then further analysed for individual effect.
RESULTS
The data set for the examiners consisted o f 2016 binary observations ie. examiner analyses, (not all subjects seeing all seven of the eight examiners). There were under consideration, three possible factors influencing the analysis rendered upon any subject. These were the particular examiner carrying out the examination (exam), the subject being examined (pat) and the vertebral level being investigated (lev) which were modelled several ways. Logistic regression, including all second order interaction effects, yielded a deviance of 1335.9 on 1385 degrees of freedom (df). When patient effects were removed, so that the model was determined only by the examiner and level effects, a deviance of 1956.0 on 1960 df was obtained. Testing the difference between the two models revealed a deviance of 620.1 on 575 df with a p-value of 0.0941. This is not significant, indicating that the particular patient under examination had no bearing on the diagnosis being rendered by any examiner. Moreover, there is no relationship between the examiner and patient or the examiner and level. Table 6 shows the number of times an examiner examined each vertebral level (ie. the number of participants that the examiner observed at each level). Lastly, each entry in Table 7 represents the percentage of positive observations each examiner made at each level. 
DISCUSSION
Due to the almost mythical nature of the entity known as the vertebral subluxation (VSC) and the difficulties recognised in defining it, it is hoped that the simple data provided may assist in quantifying the level of reliability which may be expected in the diagnosis of VSC. If the location of spinal dysfunction could be identified in a dependable manner by a group of skilled clinicians then perhaps one method of justifying the existence of the vertebral subluxation is inference due to consensus.
The results reveal that for all examiners there is no examiner-patient or patient-level interactions and that a significant interaction between the examiner and the vertebral level influences the outcome of the examinations. Essentially this means that, collectively, for all examiners, there was poor interexaminer reliability. However, there does appear to be combinations of examiners for which there is significant agreement. These are examiners 3-7 and examiners 3, 4, 5, 7 and 8 who agreed approximately 28.57% and 30.61% of the time, respectively. These values may sound low and should be put into perspective in relation to other standard tests. With respiratory problems, for example, the degree of interexaminer agreement beyond chance when examining for the presence or absence of signs of airway obstruction has been measured at between 14-64% in medical physicians (27) . Mior and colleagues (28) examined the cervical spines of fifty-nine subjects. Motion palpation was performed by two student examiners in their final year of clinical training (3 months intensive training) and agreement beyond chance indicated interexaminer agreement of 15%.
The largest areas of contention in the examinations were C6, C1 and C5, in descending order of controversy. It should also be noted that these areas are where most positive findings were recorded. This may be suggestive of the expectations of the examiners. They may believe that these areas are more important than others and by virtue of this belief tend to be more sensitive to minor aberrations in joint behaviour or more likely to err in favour of a positive finding if in doubt, (i.e. they may be searching for what they believe should be there as opposed to what is actually present).
PROBLEMS INHERENT IN STUDY DESIGN AND IMPLEMENTATION
As one aim of this study was to develop a protocol to investigate examiner reliability, a summary of the difficulties encountered in the study is presented.
The use of an asymptomatic student population.
In this study, it appears that the sample of subjects possess similar vertebral characteristics (ie. homogeneous sample). This would mean that the data set essentially represents examiner error. Johnston (29) speculates that subjects in this type of population are likely to have minor lesions that may be influenced by repetitious examination. However it has also been reported that severity of the spinal lesion does not appear to make a difference in interexaminer reliability (30).
2. Examiner selection. It was thought that using experienced practitioners would improve the replicability of what is actually being detected and that this would improve the interexaminer reliability, however, some doubt has been cast on the use of experienced clinicians. In fact, some researchers have noticed reductions in interexaminer reliability with increased practitioner experience (24, 33) . Others, however, indicate that experience has no effect (30) .
Also, by making use of examiners trained solely at one institution, the findings cannot be related to general chiropractic practice. A future study should draw together a cohort of examiners more representative of the profession at large. This reliability may be more due to the training of the examiners.
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5. Repeated examination. Greenman (35) stresses that subjecting the musculoskeletal system to repeated diagnostic procedures may induce changes in the system. Such changes can be a source of diagnostic confusion. DeBoer et al. (36) also suggest that stress put on subjects by consecutive examination might cause subluxation.
6. Subject Compliance. It is noted that not all subjects were analysed the same number of times (ie. seven). This is shown by the totals listed in Table 6 . This was due to the amount of time that subjects were required to participate and a lack of understanding about how often they were to be examined, although there being no comments as such made to the examiners or researchers involved.
7.
Not all examiners inspected all the patients. Due to the time constraint on collecting the data in the one session, it was decided that subjects need see only seven of the eight examiners. However this has resulted in the statistics being somewhat incomplete, making it harder to draw conclusions.
8. Examiner expectation. Do examiners expect to find certain problems or certain numbers of problems when they examine subjects? The role of prior expectation on examination results is not clear. Does it in fact have any effect and if so can training reduce it? It may be that the examiners in this study were predisposed to diagnosing vertebral levels according to a preconceived notion.
Most studies have average to low levels of interexaminer agreement, including Rhudy, Sandefur and Burk (37) who concluded that with the present lack of scientific evidence for the value of musculoskeletal diagnostic measures such as motion palpation, the judgements made by the clinician may be based more on other subjective impressions than on the information derived from the procedures themselves. The results of this study may support this idea.
Based on the statistical analyses, sufficient evidence exists to suggest a possible relationship between examiners and a prospective study should be designed to explore this possibility. It is hoped that these results will provide a basis for further work in an endeavour to reliably and validly demonstrate the vertebral subluxation complex or chiropractic lesion.
